Distributions and their developments of stress and strain in the crystal grain component embedded in the polycrystal under simple loadings as well as complex loadings were estimated numerically by using a finite element model of polycrystal based on the crystal plasticity. Especially, the realistic value of accommodation parameter which is a key parameter to connect the micro-variables to the macro-variables was examined by the numerical results.
INTRODUCTION
The self-consistent model of polycrystalline metalic material is a rather classical and well-developed idea, and a useful device to analyze numerically the plastic deformations of polycrystalline materials incorporating some microscopic mechanisms.
In the standard self-consistent scheme, the following equation is the key relation to connect the microscopic variables to the macroscopic ones. s^* = Sij -aG(iu p · -(i,j=l,2,3)
where Su* and eij p * are stress and plastic strain deviators of the single crystal grain component embedded in the polycrystal (uniform stress and strain distributions in each grain are assumed in the polycrystal model), respectively, and Su and are averaged stress and plastic strain deviators over all grain components of polycrystal model, G is the averaged shear modulus of polycrystal and the The parameter β is expressed as β-2 (3-5 ν)/15(1-ν) using Poisson's ratio ν of polycrystal model, and e^* and e^ are strain deviators of the grain component and the polycrystal, respectively. Rigorously, the parameter a is not a simple scaler parameter, as discussed by Hill [1] , where the paramentera is a fourth rank tensor depending on the material and the deformation history, and the proposed form of α seems to be too complex for engineering applications.
A compromised modification was derived theoretically by Berveiller and Zaoui [2] , noting the plastic deformation of matrix material and its progress, and the proposed compact form was as follows;
where i//=l/[l+3Ge p eq/2s e q]
and e p eq and s eq are the Mises-type equivalent plastic strain and equivalent stress of polycrystal model, respectively.
Weng [3] discussed the value of α parameter theoretically in the case that the matrix is visco-elastic material, and proposed the following form.
where T 0 is a material constant and t is a time parameter.
In the authors' opinion, the realistic value of accommodation parameter is still uncertain, especially in the general loading conditions. One of the main reasons is that the value can not be determined directly by any present experimental technique.
Moreover, the effect of value of accommodation parameter α on the predicted results may also be uncertain under the general loading conditions. According to our computational experiments, the parameter a is closely related with the development rate of multi-slip from one active slip system to five active slip systems in the grain components (Tokuda & Katoh [4] ). For example, when α =0 (the stress constant model) is selected, the number of active slip systems in the grain of polycrystal model does not increase during the deformation process, and the larger the value of α , the larger the increase rate of the number of active slip systems with the progress of deformation. It means that the corner of subsequent yield surface of polycrystal at the loading point develops faster when the value of a is selected to be larger. The detail of this mechanism is described in Tokuda & Katoh [4] . In the results, the selection of value of α may make some significant effects on, e.g., (1) the accumulative type strain increase (the ratcheting strain development) during the out of phase cyclic deformation, (2) the plastic instability because the parameter a controls the sharpness of yield surface corner, (3) the rate of texture development in the large deformation range. Such kinds of effects may have to be clarified before we use the self-consistent model to make some predictions of plastic features of polycrystalline materials.
In this work, the finite element method using a model of polycrystal based on the crystal plasticity is employed to analyze the distributions and their developments of stress and strain in the crystal grain component embedded in the polycrystal model, and the accommodation parameter is estimated using the above numerical results.
MECHANICAL MODEL OF SINGLE CRYSTAL COMPONENT
The mechanical model of single crystal component used here is based on the following assumptions which have been well-accepted in the crystal plasticity (Tokuda, Ohno, & Kratochvil [5] ).
(1) the plastic deformation is caused only by slip, (2) the slip is treated by a set of slip systems determined by a crystallographic structure. In this work, FCC type structure is selected: the slip plane is [111] and slip direction is <110 ) ,and thus there are 24 equivalent slip systems when the slip system with the opposite slip direction is counted as a different slip system (N=24). (3) the slip starts (the slip system becomes active) when the resolved shear stress τ reaches the critical value τ y (critical resolved shear stress ; Schmid law is employed), (4) the critical resolved shear stress χ y is assumed to vary according to the linearized Taylor-type hardening law,
where τ 0 is the initial value of critical resolved shear stress, y is the shear (slip) strain, and Hij is a hardening matrix (material constant), and the superscript (i) denotes that the parameter with it belongs to the i-th slip system (i=l,2,.., N).
(5) the slip rate γ of active slip system is controlled by the thermoactivated motions of dislocations and expressed as follows:
where
is a critical resolved shear stress. A set of constitutive equations of single crystal component based on the above assumptions is described as follows (Tokuda, & Yamada [6] ) ; is the generalized Schmid factor of the i-th slip system, and defined as follows:
where m P (i) and s q (i) (p,q-1,2,3) are unit vectors normal to the slip plane and directed to the slip direction, of the i-th slip system, respectively.
POLYCRYSTAL MODEL FOR FINITE ELEMENT ANALYSIS
The mechanical model of polycrystal is based on the following assumptions.
(1) The polycrystal model used here consists of 23 single crystal grains as shown in Fig. 1 , whose constitutive equations are described in the last section, and whose three dimensional orientations are selected to be distributed randomly, and shown by using the inverse pole figure technique in Fig. 2 . The finite element mesh is a two-dimensional quadrateral one with eight nodes, as shown in the Fig. 3 . In the figure, some examples of eight nodes are shown by the small dots. (2) The grain boundary is regarded as merely as a surface of zero thickness across which the crystal orientation changes from one to another, and the boundary is perpendicular to the xi-x 2 plane. (3) The plain strain condition is employed in order to save the computational time.
DEFORMATION PATH
The deformation paths can be classified systematically by using a hodograph of strain vector in a vector space proposed by Ilyushin, without any loss of tensor properties of strain (Ohashi, Tokuda & Tanaka [7] ). In general, the Ilyushin's strain vector is defined as follows:
ei/(V~2 ί ) = ei.cos(0+ π /Β) -e 22 sin( θ), 
when ί -J~ (2/3) and θ = π /6 are choiced, and thus the strain vector is expressed as follows: e = 2/7" 3(enni + ei 2 n 3 )
The maginitude of strain vector |e| ={ei z +e 2 2 } iyz = 2/ 7"3{en z + ei2 Z ) 1/2 equals to the Mises-type equivalent strain. An arbitrary strain path under the plain strain condition can be classified by using a hodograph of strain vector e as shown in Fig. 4 .
COMPUTATIONAL RESULTS
The material constants are selected, considering the standard pure aluminium alloy in this computational experiments, as follows: Ο elastic constant du = 10.09xl0 4 where Sij* and eij p * are averaged stress and plastic strain rate deviators of grain NO.12 (see Fig.l) , and [ ]eq denotes the Mises-type equivalent value of tensor in the bracket. In this work, the parameter a is evaluated as a scalar parameter, considering the engineering applications. Figures 5 and 6 show the computational results on the polycrystal model subjected to the deformation along the ei-axis (Path 1, see Fig. 4 ). In these computations, Hij=0 (no hardening of slip system) was selected. Figure 5 shows the stress-strain relation (the averaged Mises-type equivalent stress seq -equivalent plastic strain eeq p relation) by the solid curve, and the variation of accommodation parameter α with the increase of plastic deformation by the dashed curve. The parameter α decreases quickly in the beginning of deformation, and it is 5 ). In the real material, the strain and stress distributions are not uniform, and thus strictly speaking, the self-consistent model based on the uniform stress/strain distribution in each grain is not correct. However, we can see that the self-consistent model seems to be quite reasonable after small plastic strain is produced, for example , 0.3xl0~3 at which slip lines may cover whole grain. Figure 7 shows the stress (V~(3)/2 On -plastic strain (2/V~3) (2//3) efι 4 ). In this computational experiment, the slip system is treated to be hardened with the increase of deformation. The hardening parameter is selected as Hu = Η = ΙΟ.ΟχΙΟ 3 MPa (every components of hardening parameter Hu are assumed to be the same; isotropic-type hardening). As found from the figure, just after the change of strain direction, the value a gets some high value. This high value may be closely related with the inhomogeneous distribution of activated slip systems discussed in last sub-section. The values α decreases rapidly with the increase of deformation after each reverse loading point, and thus the value stays mainly in the region less than 0.6. 
SIMPLE LOADING TEST

CYCLIC DEFORMATION
As found from the figure, the equivalent stress for the strain path with an right angle corner decreases after the corner and approaches to the curve obtained by the shear-type deformation whose path is parallel to the second branch of Path 4. This kind of feature has been known as the fading memory effect or delay effect (Ohashi et al [8] ). Figure 8(b) shows the variations of accommodation parameter α for two strain paths. The accommodation parameter α for Path 4 increases abruptly just after the corner. After the corner, the value approaches to the value obtained by shear type deformation (Path 4). That is, the fading memory also can be observed in this parameter.
6. CONCLUSIONS In this paper, the detail of the plastic deformation of a single crystal component embedded in the polycrystalline material was analyzed by using the finite element model based on the crystal plasticity, under several deformation paths, including a cyclic deformation path and a complex deformation path and the realistic value of accommodation parameter which is a key parameter in the so-called self-consistent concept on the polycrystalline material were evaluated by using the computational results. In these analyses, the value of accommodation parameter was confirmed to depend on the amount of deformation and deformatin path. Also, the fading memory phenomenon can be also observed in the case of accommodation parameter.
